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ABSTRACT 


The  tests  of  three  circular  tubes  arc  described.  A  nunber  of 
nodification3  arc  discussed.  A  new  typo  cf  output  is  described.  The  progran 
is  defined. 
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1.1.  TUBES  CM  ' ,  oA  Kfi  1  AND  2. 


Tubes  NS  1  and  2  were  built  according  to  the  drawings of  the  status 
raport  NS  2  with  the  modifications  given  by  figures  15  and  16  cf  status  report 
NS  3.  Furthermore,  the  polo  pieces  of  tube  N®  2  were  flattened  (0.5  urn)  because 
it  was  thought  that  the  focusing  action  of  the  radial  component  of  magnetic  field 
was  too  strong  in  tube  NS  l.  Figures  1  and  2  show  the  axial  magnetic  field  versus 
radial  distance  with  the  pole  pieces  of  the  two  tubes.  Figure  3  gives  some  of  tho 
critical  dimensions  measured  in  the  tubes. 

None  of  tho  tubes  was  satisfactory  as  far  as  tho  dimensions  of  the 
ridge  aie  concerned,  as  the  crowns  moved  slightly  apart  during  bracing.  The  ridge 
gaps  were  respectively  0,139  and  0,129  mu  instoad  of  0,060. 

Figures  4  and  5  arc  plots  of  the  V-T.JR .  In  spite  of  the  wrong  di¬ 
mensions,  tube  1  was  well  matched.  Though  the  values  aro  generally  not  taken  at 
the  sane  frequencies,  it  seems  that  the  presence  of  the  sole  and  gun  do  not 
affect  the  VSVJR,  showing  that  little  power  is  radiated  by  the  ridge  transformer. 
This  is  also  supported  by  the  fact  that  the  tubes  radiated  very  little  through 
the  loads  in  contrast  with  Cl t  08  tubes . 
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Photos  1  to  6  show  various  parts  of  the  tubes  at  different  stages 

of  tho  tests. 


The  cathodes  (type  103  CSF)  were  somewhat  difficult  to  activate, 
but  worked  well,  and  tho  tubes  proved  in  general  satisfactory  as  f  .r  as  tech¬ 
nology  is  concerned. 

Figure  6  shows  the  output  power ,  bean  current  and  tuning  range  cf 
tube  n2  1.  The  points  of  measurement  wore  chosen  at  the  poaks  and  valleys  of  the 
output  power .  Tho  tube  tunes  to  high  frequencies,  but  with  a  very  sharp  decrease 
of  output  power. 


Figure  7  shows  power  output  versus  bean  current.  The  snail  ondu- 
lations  cf  the  curve  aro  duo  to  slight  variations  of  line  voltage  and  frequency 
as  shown  in  figure  8  whore  the  frequency  was  measured. 

Maxinun  power  obtained  at  a  single  frequency  was  7  watts  at 
31,400  iic/s  at  1500  volts  and  127  nA,  with  3,7  ?•>  efficiency. 

Tho  tube  deteriorated  progressively  by  arcing  during  attempts  to 
improve  over  these  figures. 

Photo  5  shews  the  damages  on  the  circuit  and  the  noly  ridge, 
suggesting  that  a  good  amount  of  current  was  lost  near  tho  gun* 

Concerning  now  tube  112  2,  figures  9  and  10  show  output  power  and 
wavelength  versus  lino  voltage  for  two  different  sole  voltages.  The  tuning  curves 
are  not  regular.  If  one  superimposes  thorn  with  a  shift  of  100  volts  for  the  line 
voltago,  thus  compensating  for  tho  difference  in  sole  voltage,  the  tuning  curves 
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suporinposc  only  down  to  9,4  on.  Fron  thin  value  down  to  8,4  urn,  they  arc  dis¬ 
tinct*  Actually,  it  of  ton  socncd  on  the  scopo  showing  tho  if  envelope  that  there 
was  conpotition  botwocn  two  modos  of  oscillation*  Unfortunately,  tho  VSWIt  of  the 
tube  had  not  been  noasured  abovo  9.2  mn. 

Maximum  output  power  at  a  singlo  frequency  was  7.4  watts  with  1350  V 
199  eA  at  10.25  cm,  with  an  efficiency  of  2.7  $*  The  tuho  deteriorated  like  tube  1 

Both  tubes  wore  similar  in  many  respects.  Both  were  often  noisy 
ovon  after  a  few  hours of  operation.  They  were  operated  for  about  ton  hours  .The 
most  significant  difference  is  the  tuning  rango,  which  did  not  extend  to  tho 
higher  frequencies  in  tube  2*  This  is  probably  duo  to  tho  optical  system.  Tube  2 
had  a  smaller  cathode-anode  distance  (figure  3) * 

Whon  tho  tubes  were  opened,  they  were  damaged  in  much  the  sane  way. 
(photos  5  and  6) .  Tho  collectors  wore  apparently  very  inefficient  and  there  wore 
indications  of  electron  bombardment  on  the  pole  pieces  in  the  space  between  tho 
collector  and  tho  gun. 

Other  observations  will  be  described  now* 

1.2.  CENTERING  AMD  THERMAL  F.>I?.'J:ST0I!  OF  TILE  5015. 

In  both  tubes,,  the  solo  centering  dovico  proved  very  effective,  bat 
not  always  handy*  Small  displacements  could  bo  obtained,  but  generally  not  as 
oxpcctod.  On  tubo  ITS  l  data  wore  taken  after  two  careful  alignments*  From  tho 
tuning  curves  it  can  bo  infered  that  tho  sole-anode  distance  differed  by  about 
0*Ql  urn.  Measurements  on  the  011  08  had  shown  that  tho  distance  should  bo  con- 
trolcd  within  0,005  nn.  Thus  the  centering  system  must  be  rr.de  ncro  accurate 
(soo  lator). 
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On  tubo  K?  2,  frequency  drift  was  measured.  In  50  uinutos  the  tube 
reached  stablo  operation.  The  frequency  drifted  fron  28.6C0  to  53,100  Ilc/o,  while 
the  solo  anodo  distance  nust  have  varied  fron  0.282  to  0.250  m.  The  distance 
noasurod  under  the  microscope  is  0,201  nn  (300  table  figure  3) .  This  corresponds 
to  a  tonporaturo  rise  of  4002C  for  the  solo  if  the  anode  is  supposed  to  rcuain 
at  the  sane  tonporaturo.  In  order  to  roduoo  the  drift,  a  shorter  ceranic  support 
was  designed  for  tho  subsequent  tubes. 

1.3.  I1AGI1FTIC  FIELD  ATID  ELFGTRON  OPTICS. 

Figure  1  shows  a  plot  of  magnetic  field  vorsua  radial  distanoo  for 
the  polo  pieces  used  in  tubo  N2  1.  Tho  anodo  dianotcr  is  indicated  by  two  vertic? 
lines.  Tho  field  was  not  tho  sane  on  tho  two  halves  of  the  circumference.  Since 
the  circuit  occupies  only  1202,  it  was  easy  to  avoid  tho  of foot  of  asinuthal 
non-unifornity.  In  tho  vicinity  of  the  peaks.,  the  equation  of  tho  field  is 
approximately 


' 

H  =  II 

fr-r0  \2 

1  J - 

z  0 

L  '  a  '  ^ 

Tho  radial  component  is  given  by 

r~r0)  x  2Z 

o 
a~ 

This  component  has  a  focusing  effect  and  varies  linearly  fron  cno  edge  of  tho 
solo  to  tho  other ^  Fron  figure  1,  wo  find 

r  =  1.4  cn 
0 

a  =1.0  cn 
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Thus,  for  Z  =  0.1  on,  r  -  1.6  era,  wo  have 

K  -  -  C.04  H 
x  o 

The  absolute  valuo  is  of  the  order  of  300  oersted.  In  a  field  of 
this  magnitude,  electrons  v/ith  a  volocity  of  c/20  will  turn  with  a  radius  of 
about  0*3  on.  Thus,  tho  foeusing  action  i3  quito  pronounced.  On  photo  5,  it  can 
be  seen  that  the  bean  of  tube  MS  1  was  very  well  centered  and  much  narrower  than 
the  circuit.  It  was  thought  better  to  decrease  this  effect. 

For  tube  N2  2,  tho  lips  of  the  pole  pieces  wero  cut  down  flat  on 
0.5  m  in  the  Z  direction,  and  their  distance  increased  to  9  rm.  Figure  2  is  a 
plot  of  tho  magnetic  field.  It  has  now  azimuthal  uniformity.  One  now  has 

r  =  1.42  cm 
o 

a  =  1.06  cm 

The  imago  of  the  boon  on  photo  6  chows  that  the  bean  started  off 
side  and  turned  to  the  other  side  where  it  stayed  for  about  a  third  of  its  tra¬ 
jectory,,  and  cano  back  to  the  center.  There  nust  have  been  another  effect  to 
maintain  the  boan  off  center. 

In  the  two  tubos,  the  edge  of  the  sole  opposite  to  the  cathode  was 
distorted  by  the  heat  of  tho  lattor.  This  has  certainly  affected  the  launching 
of  tho  boan.  In  tho  future,  one  plans  to  use  arc  melted  molybdenum. 


•  *  *  • 
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1.4.  TUBES  CM  07  CB  NS  3  AND  4. 

Those  two  tubes  woro  designed  and  rachinod  together,  but  tube  N2  4 
was  stopped  for  modifications  aftor  the  tests  on  tube  N2  3.  Originally,  the  only 
difforenoo  was  that  tube  N2  3  had  a  smooth  solo,  without  the  side  rails.  Tho 
nagnotic  field  had  proved  quite  offioiont  to  control  the  bean  in  the  axial 
direction  and  these  rails  enhance-  arcing. 

Those  two  tubes  difforod  fron  tubes  1  and  2  in  the  following 

respoets. 


-  The  sole  dianotcr  was  noninally  0.1  m  smaller. 

-  The  sole  had  a  knifo  shaped  section  which  should  bo  noro  offioiont 
than  the  collector,  since  it  will  disperse  tho  electrons  axially  (figure  ll). 

-  A  noly  anode  block  was  inserted  between  the  ridge  and  the  plato 
in  order  to  collect  ill-focused  electrons  and  to  protect  the  first  fingers 
(figure  12).  The  sole  was  modified  accordingly  (figuro  ll). 

-  Tho  ocranio  support  of  the  sole  was  shortened  and  thickened  in 
order  to  increase  heat  conductivity  (figure  15) • 

-  Tho  pole  piocos  wore  modified  (figure  14).  A  plot  of  the  magnetic 
field  can  bo  soon  on  figure  15. 

One  now  has  rQ  =  1.45  cm,  a  =  0.95  cn. 

On  tho  wholo,  the  throe  sots  of  polo  pieces  aro  fairly  similar  in 
thi3  respect.  Figuro  16  show's  tho  magnetic  field  versus  current  plot  of  the  three 
sots  of  polo  jjiooos  used  so  far  in  the  sane  electromagnet.  Set  N2  2  is  perhaps 
dquivalont  to  n2  1  for  the  sano  gap  but  set  nS  3  is  markedly  inferior  for  fields 
in  exooss  of  6000  Oersted. 


•  •  a  • 
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-  The  cathode  was  turned  902  arround  its  axis  :  the  moly  edges  that 
hold  the  emissive  materiel  are  now  parallel  to  the  edgo  of  the  sole  and  to  the 
magnetic  field,  so  that  the  edge  of  the  cathode  that  faces  the  interaction  space 

is  now  non  emissive.  Furthermore,  the  radius  at  the  cathode  surface  was  about 
0.05  nn  higher  (that  is,  in  direction  of  the  positive  electrodes)  than  at  the  sole 
level.  When  tho  cathode  is  hot,  the  difference  is  still  greater. 

-  The  external  sole  centering  device  was  made  of  duraluminum  ins¬ 
tead  of  steel  (weight)  and  the  ring,  between  the  titanium  shell  and  the  centering 
steel  tails  was  made  out  of  stainless  steel,  and  screwed  to  the  shell  instead  of 
fixed  on  It  by  spring  action 

-  During  brazing  of  the  interdigital  lino3,  about  half  of  the 
attenuated  part  of  tho  line,  on  tho  collector  side,  was  filled  with  brazing. 

-  Finally,  while  tubes  N2  1  and  2  were  maintained  at  4302C  for  two 
hours  during  bake-out,  tube  NS3  was  maintained  for  about  five  hours,  until  the 
pressure  went  down  to  10  ^mn  Hg„ 

Figuro  17  is  a  plot  of  VSWR  versus  wavelength  in  the  cold  tube. 

The  cathode  was  vory  easy  to  activate  and  omitted  quite  well  all 

the  time. 

Figures  18  and  19  are  plots  of  output  power  and  wavelength  versus 
lino  voltage  for  two  values  of  beam  current.  Since  the  results  were  no  better  at 
200  mA  than  at  180  nA,  plots  of  output  power  versus  beam  current  were  taken  for 
throe  values  of  beam  voltage,  which  were  kept  as  constant  as  possible,  but  not 
enough  to  avoid  the  ondulations  seen  of  tho  curves  (figure  2C).  It  might  have 
been  possible  to  obtain  more  power  at  7.60  mm  by  increasing  the  current,  but  not 
at  7.87  mm,  and  this  was  deemed  dangerous  for  the  tube. 


•  •  •  « 
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This  tube  operates  at  substantially  lower  magnetic  field  than  the 
CM  08*s  and  the  first  two  CM  07*s  :  5,800  Gauss  instead  of  6,800  and  8,000.  It 
could  have  operated  with  the  magnets  shown  on  photo  11  in  status  report  II 2  3, 

The  weight  of  the  whole  unit  ■would  have  been  about  11  £b  : 

Tube  proper  , . , .  1560  g 

Stainless  stool  ring  . . ,  - . ,  150  g 

Centering  device  ( dura luraintum )  380  g 

Magnets  2  x  1350  g  ...... . .  2700  g 

Intermediate  pole  pieces:  2x80g  160  g 

Total  . . .  4950  g 

The  reason  for  this  low  magnetic  field  is  perhaps  the  location 
of  tho  sole  with  respect  to  the  cathode  :  perhaps  the  trajectories  are  linear  at 
high  voltage  and  the  magnetic  field  can  be  lowered  without  losing  current  to  the 
anode  (Hull  cut-off).  More  important  is  the  largo  scle-anodo  distance  that  can  be 
calculated  from  figures  18  and  19  end  from  cold  propagation  data.  Figure  21  is  a 
plot  of  the  distance  versus  applied  power,  calculated  by  neglecting  space  charge 
or  current  pushing  effects. 

It  can  be  seen  that  it  raises  with  applied  power.  It  may  be  that, 
actually,  tho  magnetic  field  is  decreasing.  Otherwise,  tho  anode  would  be  expan¬ 
ding  faster  than  the  sole,  on  the  sole  would  move  off  center.  However,  the  result 
on  tube  2  indicate  that  the  solo  was  almost  exactly  centered  when  optimum  power 
was  obtained.  Anyway,  there  i3  a  hope  of  cancelling  out  thermal  frequency  drift 
by  adjusting  the  natural  solo  cooling. 


o  •  t  • 
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The  no3t  striking  feature  of  the  tubo  is  that  it  oscillated  up  to 
43 >500  Mo/s  with  a  few  watts  output  and  that  maximum  power  obtained  at  a  single 
froquenoy  was  15  watts  at  40,000  Ilo/s. 

Tho  tubo  had  sono  discontinuities  but  it  was  generally  not  so 
noisy  as  tho  first  two. 

After  sono  tino ,  the  adjustment  of  tho  sole  did  not  respond 
properly,  a  few  aro3  oooured  and  power  went  down. 

After  opening  the  tubo,  the  circuit  was  intact,  but  tho  anode 
block  had  partly  molted.  It  is  probable  that  a  good  amount  of  bean  current  was 
still  lost  on  the  anodo  block.  The  poor operation  of  the  centering  device  led 
to  stop  tube  NS  4  and  to  provide  it  with  tho  now  titanium  membrane,  brazed  pole 
pieces  and  a  shield  proventing  leaks  from  the  cathode  to  the  pole  pieces.  Tube  N23 
can  also  be  rebuilt  in  the  sane  fasliion. 

In  tube  NS  3,  it  could  also  be  scon  that  the  current  had  not  left 
tho  gun  along  the  center  line  of  tho  solo,  but  that  it  had  also  an  important 
component  of  velocity  in  the  direction  of  the  axis  of  tho  tube.  This  nay  bo  due 
to  a  slight  lack  of  parallelism  betwoon  cathode  and  accelerating  plate.  Tho  bean 
remained  on  tho  side  of  the  circuit  for  an  appreciable  length  of  it3  path  ( 30C 
photo  7) .  Tho  sole  surface  was  slightly  swollon  in  tho  vicinity  of  the  gun,  a 
further  reason  to  look  for  bettor  molybdenum. 
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II.  TECHNOLOGICAL  STUDIES 


II. 1.  ROBBING. 


Further  tests  to  forn  the  min  crown  with  a  thin  fin  inside  as 
described  previously  have  not  been  successful.  Perhaps  tho  slot  in  the  hob  that 
corresponds  to  the  fin  was  not  polishod  very  wclln  Another  test  is  being  pre¬ 
pared  but,  if  the  fin  cannot  bo  obtained,  the  second  hobbdng  operation  at  right 
angle  to  the  first  one,  will  nevertheless  be  tried.  If  this  is  successful,  tho 
ridge  would  have  to  be  brazed  at  the  sano  tine  as  tho  circuits. 

An  intcrdigital  lino  with  fingers  13/l00  ran  thick  has  been  made 
in  another  laboratory  of  the  Company.  There  is  sono  hopo  of  going  down  to  0,08  nn 

I I. 2.  SOLE  SUPPORT. 


Besides  the  shorter  ceramic  shown  on  figure  13,  a  more  rigid 
membrane  ("second  membrane")  was  designed  (figure  22).  It  is  made  cut  of  tita¬ 
nium,  is  brazed  directly  to  tho  polo  piece.  A  dummy  tube  containing  this 
membrane  was  built,  baked,  and  sealed  off  with  a  vacuum  gauge.  The  brazings wore 
successful.  Tho  rigidity  of  tho  moubrano  is  appropriate.  This  membrane  will  bo 
used  on  tube  NS  4  and  on  tube  NS  3  when  it  is  rebuilt  (figure  23). 
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A  third  sycton  of  30lc  support  wa3  dosigncd  (figure  23)*  It  in- 
cludos  a  smllcr  number  of  parts  and  brazings  and  should  bo  about  throe  tines 
noro  accurato  since  tho  nonbrane  is  closer  to  the  sole. 

II. 3.  NEW  CATHODE  DESIGN. 


Figuro  24  shows  the  now  cathode  design,  where  the  Molybdenum 
cylinder  is  held  and  surrounded  by  a  very  thin  cylinder  of  tantalum  This  sljould 
decrease  radiation  and  conduction  of  heat  away  fron  the  cathode  and  thus  dc- 
creaso  the  thornic  expansion  in  the  sole. 

II. 4.  TITANIUM  PUMP. 


Figure  25  shows  the  design  of  a  titaniun  punp  that  will  be  inserted 
between  the  tube  and  the  diffusion  punp.  Copper  tubing  will  bo  used.  The  punp 
and  tube  will  be  sealed  off  after  baking.  The  punp  will  be  sealed  off  after  tho 
tests  of  the  tube. 

II. 5.  CERAMIC  WINDOW. 


The  brazing  of  the  ccranic  window  to  copper  guide  is  not  always 
successful.  Tests  are  continued.  Tho  tubes  still  use  a  glass  window  and  this 
is  the  only  thing  that  prevents frou  baking  then  at  600  or  6502C. 
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Ill*  COLD  TESTS 


III.l.  DIRECTIONAL  COUPLER  OUTPUT. 

The  principle  of  a  new  type  of  rf  output  is  boing  studied.  It 
uses  a  short  section  of  intcrdigital  lino  placed  parallel  to  the  main  line  on 
the  side  opposite  to  tho  sole.  In  the  region  whero  thcro  arc  two  lines,  the 
propagation  separates  into  an  asynotrical  and  a  syrictrical  node,  vjhich  beat  over 
a  quarter  of  a  cycle.  Thi3  foms  a  directional  coupler. 

This  output  should  radiate  much  less  through  the  gun  c]cctrodcs, 
lead  to  a  more  uniform  electron  bombardment  of  tho  line,  and  leave  nore  freedom 
for  the  choice  of  the  shape  cf  the  ridge  coupling  tho  shorter  line,  to  the  wave 
guide.  The  resulting  complication  is  not  considerable  at  least  for  linear  tubes. 

This  typo  cf  directional  coupler  was  tried  at  scale  10  with  the 
two  brass  lines  described  earlier  (schematic  of  Fig. 26).  The  separation  between  ■ 
tho  two  lines  could  be  varied  as  well  as  their common  length. 

A  constant  rf  input  at  constant  frequency  was  fed  to  one  of  tho 
circuit.  Figuros  27  and  28  arc  plots  of  the  power  detected  in  the  output  of 
tho  other  circuit  with  the  common  length  in  abscissa.  Measure: ’.onto were  taken 
at  3740  lic/s  for  2  m  spacing  and  at  3700  IIc/s  for  5  ion  spacing.  They  are  diffi 
cult  to  interpret  bccauso  of  the  rapid  changos  of  transmission  due  to  the  pe¬ 
riodicity  of  tho  circuits.  Furthermore ,  it  was  checked  that  when  there  is  maxi- 
nun  power  in  tho  output,  no  power  is  propagated  at  the  looso  ond  of  the  input 
line. 


»  »  t  « 
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For  a  gconotry  giving  unxinun  transmission  at  a  single  frequency, 
tho  transnission  was  measured  as  a  function  of  frequency  by  the  uothod  indicated 
in  the  schonatic  of  figure  29*  The  results  aro  given  on  figure  30. 

Maxima  transmission  is  45  $  with  brass  linos  and  70  $  with  silver 
plated  brass.  This  nay  be  due  to  losses. 

III. 2.  M5ASUKEI1EIJT  OF  LOSSES. 

In  order  to  Measure  losses  in  tho  actual  circuit  of  the  tube  ?  a 
nodol  with  an  input  and  an  output  of  the  usual  type  i3  being  built. 


IV,  LINEAR  TUBES 


Two  linear  tubes  cf  the  now  design  (CM  07  LA)  are  being  built 
(figure  25,  3d.  status  report).  They  arc  being  nodifiod  in  order  to  add  the 
anode  block  first  used  in  CM  07  03.  They  should  be  conplctcd  in  the  first  days 
of  May.  Tho  clcctro-nagnot  of  the  CM  08  is  being  nodifiod  to  acconodato  tho  new 
design 
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v.  conclusion  and  progilj-i 

Three  circular  tubos  have  boon  built  and  tested.  Their  technology 
is  considered  nuch  superior  to  that  of  the  CM  OA.  These  first  throe  tubes  have 
operated  as  average  successful  CM  OS's.  However,  the  tuning  range  of  the  third 
tubo  oxtended  up  to  43,500  Mc/s  with  a  few  watts  and  delivered  15  watts  at 
40  000  Mc/s.  The  efficiency  is  only  about  3  and  it  scons  that  a  substantial 
amount  of  current  is  lost  directly  fron  the  cathode  to  the  pole  pieces. 

The  fourth  tube  has  been  stopped  for  codifications. 

Two  core  circular  tubes  will  be  assor.iblcd  as  soon  as  the  tcsults 
nro  available,  and  will  have  a  noro  accurate  centering  oyster.:. 

Toots  a  hobbinh,  propagation,  etc  ....  are  continuing. 

Two  linear  tubes  arc  nearing  couplet ion.  This  design  will  not  be 
pursued  unless  it  proves  to  have  substantially  better  '  porforoanco  than  the 
circular  design,  which  are  nuch  easier  to  Manufacture. 


The  packaged  circular  tubo  night  weigh  as  low  as  11  <6b 
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